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(54) Channel Electric Inductor Assembly

(57)  Thepresentinventionrelatestoan electric chan-
nel inductor assembly and method of forming an electric
channel inductor assembly. A nonremovable, hollow,
nonmagnetic channel mold is used to form the one or
more flow channels of the assembly. A heated fluid me-
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dium is circulated in the hollow interior of the mold after
the mold is situated in the assembly to heat treat the
refractory 14 surrounding the exterior walls of the mold.
After heat treatment a liquid is supplied to the hollow in-
terior of the mold to chemically dissolve the mold.
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Description
Cross-Reference to Related Applications

[0001] Not applicable.

Field Of The Invention

[0002] The presentinvention relates to a channel elec-
tric inductor assembly used with a vessel for melting or
heating an electrically conductive liquid material such as
a molten metal.

Background of the Invention

[0003] A channel electric inductor assembly can be
used with a vessel for holding molten metal in an indus-
trial process. FIG. 1(a) illustrates in cross section, a typ-
ical channel electric inductor assembly 110. An outer
shell 112 generally provides structural support for the
assembly. The inner walls of the shell are lined with heat
insulating refractory 114. Bushing 116, generally cylin-
drical in shape, serves as a housing for a coil and core
assembly comprising inductor coil 118a and transformer
core 118b. Bushing 116 provides support, as well as cool-
ing, of refractory wall 114 surrounding the coil and core
assembly. The exterior wall of the bushing is lined with
heat insulating refractory 114. The space between the
refractory adjacent to the inner walls of the shell and the
refractory surrounding the bushing defines a metal flow
channel. The channel electricassembly illustrated in FIG.
1(a) is known as a single loop type, since metal flows
around the single loop formed by the coil and core as-
sembly in bushing 116. When an ac current flows through
inductor 118a, electrically conductive metal is inductively
heated and moved through the flow channel of the loop,
for example, in the direction of the arrows shown in FIG.
1(a). The channel electric inductor assembly 110 is typ-
ically coupled with a vessel 130 (also referred to as an
upper case) for holding molten metal asillustrated in FIG.
1(b). The vessel may be formed from a structurally sup-
porting outer wall 132 that is suitably lined with refractory
134. By circulation of metal from vessel 130 through the
flow channel of the loop, the metal in vessel 130 can be
heated or held at a desired process temperature for use
in an industrial process. For example, the metal in the
vessel may be a zinc composition, and a metal strip may
be dipped into the vessel to zinc coat the strip.

[0004] In fabrication of the channel electric induction
assembly, not only must the flow channel be created, but
also the boundary walls of the flow channel, which com-
prise porous refractory, must be suitably prepared to
withstand seepage of molten metal into the refractory.
Typically the refractory wall material is sintered; that is,
heat is applied to the refractory walls of the flow channel
at atemperature below the melting point of the refractory
composition, but at a high enough temperature to bond
the particles of the refractory together at the boundary
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wall to form a substantially impervious boundary to mol-
ten metal moving through the flow channel. A traditional
way of accomplishing the formation of the flow channel
and sintering of the refractory wall material is to use a
combustible channel mold, such as a mold formed from
wood, for the flow channel. The mold is shaped to con-
form to the volume of the flow channel of the loop. After
refractory is installed around the combustible channel
mold, the mold is ignited and burned to remove the mold
by combustion, and also to sinter the refractory walls of
the flow channel by the heat of combustion. This is re-
ferred to as using a combustible mold. A disadvantage
of this method is that the rate of combustion throughout
the entire volume of the channel mold is not generally
controllable. Therefore the degree of sintering of the re-
fractory wall along the entire flow channel is not of con-
sistent quality, and local areas of improperly sintered re-
fractory wall results. Seepage of molten metal from the
flow channel into refractory 114 can result in metal leak-
age to the outer shell and/or to the inductor coil and core
assembly, which can cause premature failure of the
channel electric inductor assembly.

[0005] A nonremovable channel mold can be formed,
for example, from an electrically conductive metal. After
assembly of the channel electric inductor assembly with
the electrically conductive metal mold positioned in what
will become the flow channel, an ac current is applied to
inductor coil 118a to inductively melt the electrically con-
ductive channel mold. A disadvantage of this method is
that electric induction heating and melting of the electri-
cally conductive metal mold makes it difficult to reach
sintering temperature of the refractory before the mold
melts. Further the mold may be formed from welded sec-
tions, and rapid induction melting of the welds will cause
sections of the mold to inductively melt in an irregular
manner. Therefore, there is the need for a channel elec-
tricinductor assembly with a nonremovable channel mold
that can be used to properly sinter the refractory walls of
the flow channel and then be satisfactorily consumed.

Summary of the Invention

[0006] Inone aspectthe presentinvention is a channel
electric inductor assembly having a nonremovable chan-
nel mold formed from a hollow, substantially nonmagnet-
ic composition.

[0007] In another aspect the present invention is a
method of forming a channel electric inductor assembly.
A nonremovable hollow and substantially nonmagnetic
channel mold is disposed in the volume forming one or
more flow channels of the assembly. A heated fluid me-
dium is circulated through the interior of the hollow mold
to heat the walls of the mold whereby the refractory walls
exterior to the mold are heated generally by conduction
of heat from the walls of the mold to heat treat the refrac-
tory walls. A charge of material is supplied to the interior
of the hollow mold to chemically dissolve the mold. AC
current flowing through the one or more inductors of the



3 EP 1983285 A1l 4

assembly electromagnetically can circulate the charge,
with the dissolved mold, through the flow channels to
form one or more flow channels with sintered walls.
[0008] The above, and other aspects of the invention,
are further setforth in this specification and the appended
claims.

Brief Description of the Drawings

[0009] For the purpose of illustrating the invention,
there is shown in the drawings a form that is presently
preferred; it being understood, however, that this inven-
tion is not limited to the precise arrangements and instru-
mentalities shown.

[0010] FIG. 1(a)illustrates in cross sectional elevation
a typical single loop channel electric inductor assembly,
and FIG. 1(b) illustrates the inductor assembly in FIG. 1
(a) coupled with a vessel for holding molten metal.
[0011] FIG.2isacross sectional elevation view of one
example of the channel electric inductor assembly of the
present invention.

[0012] FIG. 3(a) and FIG. 3(b) illustrate one example
of a nonremovable channel mold used in the channel
inductor assembly of the present invention.

[0013] FIG. 4(a), 4(b) and 4(c) are cross sections
through line A-A in FIG. 2 and illustrate one example of
a method of constructing a channel electric inductor as-
sembly of the present invention.

[0014] FIG.5Illustrates one arrangement for supplying
a heated fluid medium to the hollow interior of a channel
mold used with the channel electric inductor assembly
of the present invention.

Detailed Description of the Invention

[0015] Thereisillustrated in FIG. 2 one example of the
channel electric inductor assembly 10 of the present in-
vention. While the channel electric inductor assembly is
illustrated as a double loop type (that s, two flow channels
around two inductor coil and core assemblies, with each
assembly in a separate bushing), the invention is not lim-
ited to the number of loops, and the channel electric in-
ductor assembly may have a single loop or more than
two loops.

[0016] Inductor assembly 10 comprises outer shell 12;
refractory 14, which at least partially lines the inner walls
of the shell; two bushings 16 within each of which, one
of the two inductor coil and core assemblies (each com-
prising inductor coil 18a and transformer core 18b) is
located; refractory 14 surrounding the outer surfaces of
bushings 16; and hollow, nonmagnetic metal channel
mold 24, which is positioned in the volume that will serve
as the double loop flow channel. FIG. 3(a) and FIG. 3(b)
illustrate one non-limiting example of mold 24, with FIG.
3(a) showing interior features of the mold (in dashed
lines), and FIG. 3(b) showing the exterior of the mold
design. In this non-limiting example, mold 24 has two
open cylindrical tunnels 24a in which refractory 14, bush-
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ings 16 and the coil and core assemblies are disposed.
The volume between the exterior surfaces of the tunnels
and the inside of the exterior walls (e.g. wall regions 24b,
24c and 24d) of the mold define the hollowinterior volume
of the mold. The top of mold 24 can be generally open,
and if necessary, one or more cross bracing elements
24e may be provided across the top of the mold. The
mold is formed from a nonmagnetic material so that it will
not generally be melted by electric induction when ac
current is applied to coils 18a. The composition of the
mold is selected so that the mold will chemically dissolve
by reaction with a liquid introduced into the hollow volume
of the mold as further described below. Mold 24 may be
of other shapes to suit the desired location and volume
of the one or more flow channels that the mold will form.
For example the mold may be formed to provide a gen-
erally oval, rather than rectangular, cross sectional flow
channelaround selected regions of the one or more bush-
ings. Minimum wall thickness of the hollow mold is gen-
erally selected to provide sufficient structural integrity of
the mold and sufficient heat transfer characteristics from
the mold to refractory surrounding the outside of the mold
as further described below.

[0017] One non-limiting method of forming the channel
electric inductor assembly of the present invention is dis-
closed with reference to FIG. 4(a), FIG. 4(b) and FIG. 4
(c) wherein formation of the inductor assembly is accom-
plished with the inductor assembly initially laying on its
side. Referring to FIG. 4(a), the outer shell, which may
be formed from structural steel, initially has first shell side
wall 12a horizontally oriented and shell bottom 12c ver-
tically oriented. One or more bushings 16 can be posi-
tioned in the shell in the desired locations as shown in
FIG. 4(a). Temporary form wall 96 can be used to contain
refractory 14 within the channel electric inductor assem-
bly until it is rotated to its upright position after assembly.
Refractory 14 can be formed over the inside of first shell
side wall 12a to a height of x;. If a dry refractory is used,
the refractory can be compacted (rammed) by vibration
as refractory is incrementally added, for example, with a
compacting tool.

[0018] Referring to FIG. 4(b), mold 24 is positioned in
the volume that will form one or more flow channels as
further described below. Refractory 14 can be added to
height x,, in the volume between the inner surface of
shell bottom 12c and the outer walls of the mold, and
between the outer surfaces of bushings 16 and the outer
walls of the mold, with further compacting, if necessary,
for example, with a dry refractory.

[0019] Finally referring to FIG. 4(c), refractory 14 can
be added over the top of mold 24, to height x5, with further
compacting, if necessary, and opposing shell side wall
12b of the shell can be attached to the assembly. The
channel electric inductor assembly can then be rotated
to its upright position with shell bottom 12c horizontally
oriented, and temporary form 96 can be removed from
the top of the inductor assembly. Optionally the open
ends of the one or more bushings may extend to the
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outside of side walls 12a and 12b as shown in FIG. 4(a),
FIG. 4(b) and FIG. 4(c) so that the inductor coil and core
assembly may be inserted or removed from its bushing
after complete assembly of the channel electric inductor
assembly. The inductor coil and core assembly may be
installed in each of the one or more bushings at any suit-
able step in assembly of the channel electric inductor
assembly.

[0020] Analternative, but non-limiting, method of form-
ing the channel electric inductor assembly of the present
invention comprises the steps of first inserting mold 24
and bushings 16 into an upright outer shell 12 (with
mounted side plate 12b) and holding the mold in place
with temporary support structures, while refractory is
poured into the volume between the outer surfaces of
the mold, and outer shell 12 and bushings 16. If neces-
sary, the entire outer shell, with contained mold and bush-
ings, can be vibrated asrefractory is added to the volume,
or alternatively, or in combination therewith, vibration of
the refractory, if necessary, can be accomplished with a
compacting tool.

[0021] After formation of a channel electric inductor
assembly of the present invention as described above,
heat treatment of the refractory adjacent to the exterior
walls of the mold is accomplished. For heat treatment of
the refractory adjacent to the exterior walls of the mold,
a heated fluid medium, either liquid or gas, is circulated
through the hollow interior of mold 24 to heat treat the
refractory that will form the boundary walls of the one or
more flow channels. The term "heat treatment," as used
here, refers to any heat process that will cause bonding
of the refractory adjacent to the exterior walls of the mold
to form a substantially impervious boundary to a material
that will flow through the flow channel. Typically this will
be a sintering process, although the heat treatment will
depend upon the particular type of refractory used in an
application. Sintering may be done with the electric chan-
nel inductor assembly in any orientation; however in this
example, reference is made to FIG. 5 wherein the induc-
tor assembly is shown in the upright position. The gen-
erally open, top region of the mold can be temporarily
sealed with lid 30. A suitably heated fluid medium, such
as air, can be drawn into and through the hollow of the
mold, for example, by a fluid pump. The fluid pump may
be an ejector pump (vacuum produced by Venturi effect).
For example one or more ejector pumps 32 and 33, can
be provided at the top of the mold for drawing heated air
into and through the hollow volume of the mold through
lid 30 as shown in FIG. 5. The heated air is supplied
through one or more openings 34 in the lid. A suitable
ejector working fluid medium is supplied to working inlets
32a and 33a of each ejector pump, which will suck the
supply of air from inlets 32b and 33b to outlets 32¢ and
33c respectively, by the Venturi effect, thus drawing the
heated air through the hollow of the mold as diagram-
matically indicated by the arrows in FIG. 5. The conduit
extending into the hollow of the mold from one or more
openings 34 directs the heated air into the hollow of the
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mold. The flow of heated air through the hollow interior
of the mold heats the mold by convection, and the heated
mold heats the refractory material disposed external to
the walls of the mold generally by conduction. One or
more suitable temperature sensing devices, such as ther-
mocouples may be installed in the hollow interior of the
mold to monitor selected point temperatures during the
heat treatment process to ensure that suitable refractory
heat treatment temperatures are achieved in selected
regions. Alternatively the temperatures sensing devices
may be embedded in the mold or attached to the exterior
wall of the mold. Heat treatment parameters, such as the
temperature or flow pressure of the heated fluid medium
can be adjusted responsive to the sensed temperatures.
For example, if the temperature sensing devices indicate
low heat in loop A and high heat in loop B, then ejector
pumps 32 and 33 can be adjusted to produce higher and
lower flow velocities, respectively, through the pumps so
that greater heat transfer is achieved in loop A than in
loop B. The heat treatment process is continued until the
flow channels’ boundary walls have been sintered. Alter-
natively the heat treatment process may be accom-
plished after the channel electric inductor assembly has
been attached to its upper case, and the top of the upper
case, rather than the top of the electric inductor assembly
can be temporally sealed to form a boundary for the sup-
ply of the fluid heated medium from and to the hollow
interior of the mold as described above. While ejector
pumps are used in this non-limiting example of the in-
vention, other type of fluid flow control devices may be
used in other examples of the invention.

[0022] After heat treatment of the refractory walls of
the flow channel, lid 30, temperature sensing devices, if
used, and associated fluid medium circulation apparatus
can be removed, and a charge of electrically conductive
molten metal can be supplied to the hollow interior of
mold 24 to chemically dissolve the mold, preferably while
ac current is supplied to the one or more inductors 18,
so that as the hollow mold dissolves into molten metal,
it is removed from the flow channel by electromagnetic
induced flow of the electrically conductive molten metal,
thereby leaving a substantially uniform heat treated re-
fractory wall around open flow channels.

[0023] Typically, but not necessarily, the charge of
electrically conductive molten metal used to chemically
dissolve the hollow mold will be of similar composition to
the molten metal that the electric channel inductor as-
sembly will be used with to melt or heat in the upper case;
therefore the composition of the hollow mold will be se-
lected based upon the properties of the electrically con-
ductive molten metal to ensure that the mold will chem-
ically dissolve in the molten metal. By way of example
and not limitation, when the charge of electrically con-
ductive molten metal is zinc or a zinc/aluminum compo-
sition, as used for example in a galvanization process,
the hollow, nonmagnetic channel mold may be com-
posed of ¥-inch plate formed from Aluminum Associa-
tion’s Aluminum Standard Alloy 6061-O (untempered),
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which is an aluminum composition with minimum trace
components of silicon, copper, magnesium and chromi-
um that has sufficient tensile strength to serve as the
channel mold. In these examples the substantially alu-
minum mold chemically dissolves in the molten metal.
[0024] In other examples of the invention, the liquid
charge need not be a metal composition, but can be any
other electrically conductive fluid material that will serve
as a chemical dissolving agent for the hollow mold and
will not foul the flow channels.

[0025] In other examples of the invention, the liquid
charge may be a non-electrically conductive fluid material
in which the hollow mold will dissolve. Subsequent to
dissolving of the mold, an electrically conductive material
may be supplied to the flow channels for mixing with the
non-electrically conductive material in which the hollow
mold has dissolved, and ac current is applied to the one
or more induction coils 18ato remove the electrically con-
ductive material from the flow channels.

[0026] Theterm "refractory" as used herein can be any
material used to provide a heat resistant lining regardless
of form, which may include, but is not limited to, dry bulk
granular materials that may be vibrated or packed into
place, and castables composed of dry aggregates and a
binder that can be mixed with a liquid and poured into
place.

[0027] While one mold is used in the above examples
of the invention, two or more molds may be used to form
multiple flow loops along the length of the channel electric
induction furnace with each flow loop segregated from
each other by refractory.

[0028] Theabove examples ofthe invention have been
provided merely for the purpose of explanation, and are
in no way to be construed as limiting of the present in-
vention. While the invention has been described with ref-
erence to various embodiments, the words used herein
are words of description and illustration, rather than
words of limitations. Although the invention has been de-
scribed herein with reference to particular means, mate-
rials and embodiments, the invention is not intended to
be limited to the particulars disclosed herein; rather, the
invention extends to all functionally equivalent structures,
methods and uses, such as are within the scope of the
appended claims. Those skilled in the art, having the ben-
efit of the teachings of this specification, may effect nu-
merous modifications thereto, and changes may be
made without departing from the scope of the invention
in its aspects.

Claims

1. An electric channel inductor assembly comprising
an outer shell having one or more bushings disposed
within the outer shell for containment of an inductor
coil and core assembly in each of the one or more
bushings, a refractory between the outer shell and
the one or more bushings, and a hollow, substantially
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nonmagnetic, channel mold conformed to the shape
of one or more flow channels, the channel mold being
disposed in the refractory between the outer shell
and the one or more bushings and formed from a
composition non-deformable at a refractory heat
treatment temperature and chemically dissolvable in
a material supplied to the hollow interior of the mold.

2. A method of forming an electric channel inductor as-
sembly comprising the steps of:

locating a hollow, substantially honmagnetic,
channel mold conformed to the shape of one or
more flow channels between the interior walls
of the assembly and one or more bushings;
installing a refractory between the outer surfac-
es of the hollow, substantially nhonmagnetic,
channel mold, and the interior walls of the as-
sembly and the outer surfaces of the one or more
bushing; and

circulating a heated fluid medium through the
hollow interior of the mold to heat the walls of
the mold whereby the refractory adjacent to the
outer surfaces of the hollow channelmold is sub-
jected to a heat treatment to form a sealed re-
fractory wall.

3. A method of forming an electric channel inductor as-
sembly comprising the steps of:

forming an outer shell of the assembly;
locating one or more bushings in the assembly;
locating a hollow, substantially nhonmagnetic,
channel mold conformed to shape of one or
more flow channels between the interior wall of
the outer shell and exterior surfaces of the one
or more bushings, the exterior walls of the mold
being spaced apart from the interior wall of the
outer shell and the exterior surface of the one
or more bushings to form a refractory volume;
and

installing refractory in the refractory volume.

4. The method according to claim 3, including the step

of circulating a heated fluid medium through the hol-
low interior of the channel mold to heat the walls of
the mold whereby the refractory adjacent to the outer
surfaces of the hollow channel mold is subjected to
a heat treatment to form a sealed refractory wall.

5. Amethod according to claim 2 or 4, wherein the heat
treatment is sintering.

6. A method according to any of claims 2, 4 and 5,
wherein the step of circulating a heated fluid medium
comprises drawing the heated fluid medium through
the hollow interior of the mold by one or more ejector
pumps.
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A method according to any of claims 2 to 6, including
the steps of sensing the temperature of the walls of
the mold at one or more points, analyzing the sensed
temperatures at the one or more points; and adjust-
ing the parameters of the heated fluid medium re-
sponsive to the sensed temperatures at the one or
more points.

A method according to claim 7, wherein the step of
adjusting the parameters of the heated fluid medium
responsive to the sensed temperatures at the one
or more points is accomplished by adjusting the fluid
flow rates through the one or more ejector pumps.

A method according to any of claims 2 to 8, including
the step of supplying a liquid to the hollow interior of
the mold to chemically dissolve the hollow mold.

A method according to claim 9, including the step of
supplying ac current to an induction coil disposed in
each ofthe one or more bushings to remove the liquid
from the electric channel inductor assembly.

A method according to claim 9, wherein the liquid is
an electrically conductive liquid.

A method according to claim 11, including the step
of supplying ac current to an induction coil disposed
in each of the one or more bushings to heat the elec-
trically conductive liquid and create a flow of the elec-
trically conductive liquid to remove the dissolved hol-
low mold from the one or more flow channels.

A method according to claim 11, including the step
of supplying an ac current to an induction coil dis-
posed in each of the one or more bushings to remove
the electrically conductive liquid from the electric
channel inductor assembly.
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did not invite payment of any additional fee.

[l

Only part of the further search fees have been paid within the fixed time limit. The present European
search report has been drawn up for those parts of the European patent application which relate to the
inventions in respect of which search fees have been paid, namely claims:

[l

D None of the further search fees have been paid within the fixed time limit. The present European search
report has been drawn up for those parts of the European patent application which relate to the invention
first mentioned in the claims, namely claims:

D The present supplementary European search report has been drawn up for those parts
of the European patent application which relate to the invention first mentioned in the
claims (Rule 164 (1) EPC).
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This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

16-06-2008
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0442345 A 21-08-1991 AU 639060 B2 15-07-1993
AU 6982191 A 15-08-1991
DE 69124123 D1 27-02-1997
DE 69124123 T2 22-05-1997
JP 5010685 A 19-01-1993
us 5134629 A 28-07-1992

EP 0069094 A 05-01-1983  SE 8103473 A 03-12-1982

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82
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